Quantum-dot (QD) lasers offer the possibility of simultaneous lasing at both the ground and the excited states, thus enabling the access to two distinct emission wavelengths in the same device [1]. Stable mode locking via either ground state (GS) or excited state (ES) was first reported in [2].
Quantum-dot (QD) lasers offer the possibility of simultaneous lasing at both the ground and the excited states, thus enabling the access to two distinct emission wavelengths in the same device [1] . Stable mode locking via either ground state (GS) or excited state (ES) was first reported in [2] .
In this paper, we report on both experimental and theoretical investigations on the dynamics of self-pulsation regimes in a two-section QD laser that is operating simultaneously on the GS and ES transitions. We show that the competition between the two states results in anti-phase dynamics. We also found a sub-harmonic sequence that leads ultimately to chaos.
The two-section QD laser had a total length of 1.3mm where the saturable absorber was 0.16mm long. The active region was grown by molecular beam epitaxy on a GaAs (100) substrate, containing ten self-organized InAs QD layers. Both facets were as cleaved. The gain section of the laser was electrically pumped continuously and the laser exhibited relatively high average output power. The short cavity length was important to achieve simultaneous laser emission in both ground and excited states.
As the reverse bias at constant current was increased the evolution of the optical spectra and RF spectra show (i) the appearance of simultaneous lasing and (ii) a decreased frequency of self-pulsations, before the sequence of period doubling bifurcations, that eventually leads to chaos. The two most important frequencies in the RF spectra are the relaxation oscillation frequency Vr 2.5GHz and the frequency at which self-pulsations appear, Va 700MHz.
The observation that the self-pulsation frequency va decreases with increasing current/reverse bias is fundamentally different from the well-known phenomena of self-pulsation and Q-switched mode locking. In addition, the pulsations in the GS and ES regimes are phase-shifted by about zT / 2, indicating the presence of anti-phase dynamics.
We can show that the experimental observations can be explained fully by a rate equations model. When Ige (t) are the normalized intensities of the GS and ES electric fields there are two scenarios for the appearance of instabilities depending on whether Ig 'Ie or Ig >> Ie. In both cases, the linear stability analysis shows the existence of two relaxation oscillation frequencies cor and coa<CO .< The frequency cor is a relaxation oscillation frequency resulting from the field-matter interaction and the frequency coa results from the coupling/competition between the GS and ES and is known as the low or anti-phase relaxation oscillation frequency.
In the first case, both GS and ES are excited simultaneously in the steady state with nearly identical intensities and the coupling between the two states is strong. The pulsations appear via a Hopf bifurcation with an anti-phase relaxation oscillation of coa and the phase shift between the pulsations at the GS and ES is about zT / 2 at the bifurcation point. The laser output evolves towards chaos via a cascade of period-doubling bifurcations.
The second case corresponds directly to the experimental observations. The GS intensity is dominant, Ig >> Ie and the coupling between the GS and ES is weak. The linear stability analysis shows the existence of two relaxation oscillation frequencies cr and ao . The ratio ca / cr 1/ 4 between these frequencies is very close to that observed experimentally. Both frequencies decrease rapidly with increasing reverse bias. The weak coupling between Ig and Ie in steady state changes the frequency at the bifurcation. The pulsations appear via a Hopf bifurcation with the fundamental relaxation oscillation cor and no phase shift between the pulsations. Increasing the reverse bias leads to a significant variation of the pulsations and a fast decrease of their frequency. In agreement with the experimental work, a phase shift about zT / 2 appears between the pulsations at the GS and ES. Further increases in the reverse bias leads to a sequence of period-doubling bifurcations and chaos as evidenced in practice.
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